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(54) Title; METHOD AND MULTI-PURPOSE APPARATUS FOR CONTROL OF FLUID IN WELLBORE CASING 
(57) Abstract 

A downhole apparatus is described as having an upper mandrel (320) shearably connected 
to a lower mandrel (360). A sleeve (300) is shearably connected within the lower mandrel (360). 
The operation of the apparatus involves dropping a first small diameter ball (70) from the earth's 
surface. The ball (70) travels through the upper mandrel (320) and settles into the sleeve (300). By 
increasing pump pressure at the earth's surface, the lower mandrel (360) is separated from the upper 
mandrel (320) by shearing. By further increasing the pump pressure, the lower mandrel (360) can be 
pumped down to the bottom of the tubular string against a float collar or other plug landing suri"ace. 
When it is desired to separate the upper mandrel (320) from the tubular siring, a second larger ball 
(68) is dropped from the earth's surface and is seated within the upper mandrel (320). By further 
increasing the pump pressure, the upper mandrel (320) is separated from the tubular string. 
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Method AND Multi-Purpose APPARATUS 
For Control of Fluid in Wellbore Casing 

5 • 

Field of Invention 

This invention relates generally to equipment used in the drilling, completion and workover 
of subterranean wells and more specifically, to the control of drilling fluids, completion fluids, 
workover fluids, cement, and other fluids in a casing or other tubular string within a wellbore. 

10 

Related Application 

This application claims priority finom United States Provisional Patent Application, Serial No. 
60/132,044, filed April 30, 1999. 

15 Background 

The process of drilling subterranean wells to recover oil and gas from reservoirs consists of 
boring a hole in the earth down to the petroleum accumulation and mstalling pipe from the reservoir 
to the surface. Casing is a protective pipe liner within the wellbore that is cemented into place to 
ensure a pressure-tight connection of the casing to the earth formation containing the oil and gas 
20 reservoir. Thecasingisrunasinglejointatatimeasit is lowered into the wellbore. On occasion, 
the casing becomes stuck and is unable to be lowered into the wellbore. When this occurs, load must 
. be added to the casing string to force the casing into the wellbore, or drilling fluid must .be circulated 
down the inside diameter of the casing and out of the casing into the annulus in order to free the 
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casingfromtheweUboie. To accomplish thi^t has traditionaUy been the case 

be instaUed to add axial load to the casing string or to facilitate circulating Ae drilling fluid. 

When ninning casing, drilling flmd is added to each jofat as it is run into ITus 
pnKeduieisnecessarytopreventthecasmgfiomcoUapsingdueioW^ 

inside the wellbore exterior to the casing. n,e drilling fluid acts as a lubricant which facilitates 
lo^wng the casing within the wellbore. As each joint of casing is added to the string, drilling fluid 
is displaced Wthe wellbo,e.-The prior art discloses-hoi^-a^^^^ 
i9>peimostportionofthecasing.andtoobsuspendedfiomthedrillhw^ 

prior art devices and assemblies have been labor intensive to install, required multiple such devices 
for multiple casing string sizes, have not adequately minimized loss of drilling fluid, and have not 
been multi-purpose. Further, disengagement of the prior art devices ftom the inside of the casing^ 

has be« problematic, resulting in damage to eqmpment. increased downtime, lo^ 
and ii^wy to personnel. 

Circulating of the drilling fluid is sometimes necessary if resistance is experienced as the 
casingisloweredinto the weUbore.Inotderto circulate thedriUingfluid.t^^ 
be sealed so that the casing may be pressurized witi, driUing fluid. Smce the casing is under 
IHCssure, the integrity of the seal is critical to safe operation and to 
expensivedriUingfluid. Once the casing reaches tiie bottom, circulating ofthe drilling fluid is agri^ 
necessaiytotestthesu,fecepipingsystem,toc6nditionthedrillingflmdinth^ 
wall cake and cuttings fiom Ac hoie! Circulating is continued until at least an amount of driUing 

fluidequaltoti^volumeoftheimidediameterofthecasinghasbeendisplacedfiomtiie^^^ 
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the wellbore. After the drilling fluid has been adequately circulated, the casing may be cemented 
mto place. 

The purpose of cementing the casing is to seal the casing to the wellbore formation. In order 
to cement the casing within the wellbore, the assembly to fill and circulate drilling fluid is generally 

S removed from the drilling rig and a cementing head apparatus installed. This process is time 
consuming, requires significant manpower, and subjects the rig crew to potential injury when 
handlmg and installing the additional equipment to flush the mud out with water or other chemical 
prior to the cementing step. A special cementing head or plug container is installed on the top 
portion of the casing being held in place by the elevator. The cementing head includes comiections 

10 for the discharge line of the cement pumps, and typically includes a bottom and top wiper plug. 
Since the casing and wellbore are full of drilling fluid, it is first necessary to inject a spacer fluid to 
segregate the drilling fluid firom.the cement to follow. The cementing plugs are used to wipe the 
inside diameter of the casing and serve, in conjunction with the spacer fluid, to separate the drilling 
fluid from the cement as the cement is pumped down the casing string. Once the calculated volume 

1 5 of cement required to fill the annulus has been pumped, the top plug is released from the cementing 
head. Drilling fluid or some other suitable fluid is then ptmiped in behind the top plug, thus 
transporting both plugs and the cement contained between the plugs to an s^jparatus at the bottom 
of the casing kiiown as a float collar. Once the bottom plug seals the bottom of the casing, the pump 
pressure increases, rupturing, for example, a diaphragm in the bottom of the plug and allowing the 

.20 calculated amount ofcement to flow from the iiiside diameter ofthe casing to a certain level witfam 
the aimulus being cemented. The annulus is the space within the weUbore between the inside 
diameter ("ID") ofthe wellbore and the outside diameter ("OD) of the casing string. When the top 
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plugcomesi„co.«actwiththebotton,pl„g.pu„.pp„3sure^^ 

process has been compleu^d. Once the pressun, is lowered inside the casing, a special float collar 

<*eck valve closes, keeping thecen^entfiomflowingfiomtheODofthe^^ 
the casing. 

TTiepriorarttypicaUydisclosessei^nUedevicesandassembHesf^ 
drilI|ngfluid;and(ii)cementingope«dons.TT.epriorartdevicesforf^^^ 
fluid.disclose a packer tube, which requires a separate activation step the tool is portioned 
within the casing. TT.e packer tubes are known ir, the art to be subject to malfunction due .o 
plugging, leaks, and the like, leading to downtime. Since each 
potendallydangerous.tinKconsunring,laborbtensiveandth^^^^ 

in theart to n^ize any downtime. One advantagemthisartis described inUm^^^ 
No. 5.735348, issued on April 7. 1998 to Samuel P. Hawkins for "Method and MulU-Purpose 
Apparatus for Dispensing and Circulating Fhrid in Wellbore Casing," some of the components of 
which can be used, as but one example, in using the present invention. 



Brief Description ofthe Drawings 

Figure 1: Wj^^ssequ^tkUy the effects of dropping a pair of balls from the 
invention. 

Figure 2: 

' *o utuvcu uuwn DY aroi 

two bails mm the PArf h'e c«Wo^^ J r 

J pump pressure. 



J v*ii^*,ia ui uroppmg a pair ot bails ft 

«^4^«irfecemto the downhole apparatus according to the ^^^^ 

h Ulusttates Ae sleeve which is moved down by dropping the first of 
two balls fiom the earth's surfece and increasi the pu^p prZre. 
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Detailed Description of the Preferred Embodiment 

Referring now to Figure 1(a), there is illustrated ah upper cylindrical mandrel 320, having 

S an upper sub-mandrel 322, the upper end 324 of the sub-mandrel 322 comprising an externally 
flared, contractible collet The invention contemplates the use of two balls, one being referred to as 
a small ball, and one as a larger ball. The upper sub-mandrel 322 has three progressively smaller 
axial bores, commencing at the collet end 324 with axial bore 326 followed by axial bores 327 and 
328, axial bore 328 being sized to allow passage of a smaller ball, but not a larger ball. A first 

10 section 330 of the external side wall of the sub-mandrel 322 is threaded and of reduced diameter of 
the remainder of the sub-mandrel 322. A second section 332 of the external side wall is threaded 
and of an even smaller diameter than that of section 330. The section 330 has a male thread, around 
which a shoulder ring 334 is threadedly connected. 

Referring further to Figure 1 (a), a lower sub-mandrel 340, being part of the upper mandrel 

1 5 320, has a first axial bore 342, the upper end of which has a female thread 344 to accept the male 
thread of section 332. The axial bore 342 tapera inwardly to a reduced diameter axial bore 346, 
through which a smaller ball can pass. 

The external wail of the sub-mandrel 340 has a reduced diameter section 350 and a larger 
diameter section 352 on its end. The transition between the sections 350 and 352 forms a shoulder 

20 35 1 . A conventional elastomeric cement plug 356 is sized to fit over the section 350 and is locked 
into place between the shoulder 351 and the shoulder ring 334. 

The section 352 has a larger diameter axial bore , approximately the same diameter as axial 
bore 3271 The interior side wall of the axial bore 352 has a circular groove 354 for accepting a 
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plurality of xound balls, prefenbly of glass, cenunic or other drillable n^terials. In the preferred 

mbodiment,foursuchballs(notillustrated)areusedinthegroove354.0neorm^^ 

356areinthesidewaIlofsection352andwhichfi«dintothe^^^^^ 

fed into the groove 354. a plug (not illustrated) is threadedly connected into each of the holes 356 

to block them ofifand keep the ballscaptured in the groove 354. 

Referring ftrther to Figure 1(a). a lower mandrel 360 comprises a cylindrical to^^ 
mand..l362andacylindricaluppersub-mandrel 364. ITiesub-mandrel 362 has a first axial bore 
366 sized to accept the sleeve 300 of Figure 2, but a reduced diameter axial bore 368 which will 
initiallyblocktheflared,contractiblecoUetend306o^ TTie side wall 370 around the 

axid bore 366 hasapluralityofholes372 therethrough, preferably four ho^^ 
plastic balk can reside wWle also in the g,oove354.A pluraU,y of s 
«I«adedthroughthesidewall370oftheaxialbore368toridei„*^ 

mustratedinnG.2. A pair ofgrooves 380 and 382 are fomred in the exterior side walls and around 
axial bores 366 and 368. respectively, and are used to house o-rings (not iUustmed) for preventing 
fluid loss between the sub-mandrel 364 and the sub^nandrel 340. 

Thesub-mandrel362hasamisedshoulder392andathreaded(female)portionto4^ 
engageathreaded(male)lowerend3Woftheuppersub-mandrel364.TT,eb^^^ 
has a raised shoulder 396. A conventional, elastomeric cement plug 355 is sized to fit over the 

tl^adedconnection between theshoulders392and396andissecu^ 
such shoulders. 

TTie lower sub-mandrel 362 has a plurality of holes 500 through its sidewali below the 
shoulder 396. and alsohasanendcap502at its lowermost end withanopeningthroughthec^ 
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of a diameter less than the axial bore 504 to which the holes 500 are connected. The cap 502 has a 
slot in its lower side to assist in making up the various threaded connections. The bore 504 is sized 
to accept the sleeve 300 all the way down to the c^ 502» against which the sleeve 300 comes to rest 

Referring now to Figure 2, there is illustrated a cylindrical sleeve 300 having a first axial bore 
302 of a diameter sized to accept a first dropped ball, Le., l-S/i" and a second axial bore 304 sized 
to stop the first dropped ball. The upper end 306 comprises an externally flared, contractible collet 

External grooves 308, 3 1 0 and 312, perpendicular to the longitudinal axis of the sleeve 300, 
with grooves 308 and 310 at collet end 306, and groove 312 at the opposite end of the sleeve 300, 
use o-rings (not illustrated) to provide a fluid seal in the operation of the sleeve 300, described 
hereinbelow. 

Four equally spaced longitudinal slots, of which only slots 406 and 408 are illustrated, are 
spaced about the periphery of the sleeve 300, parallel to the longitudinal axis of the sleeve 300, 
within which a pair of shear pins 400 and a pair of shear pins 410, respectively, can ride and are 
protected until the sleeve has moved sufficiently to shear the shear pin pairs 400 and 410. 

In making up the tools illustrated in Figures 1 and 2, the lower mandrel 360 can be rotated 
with respect to the upper mandrel 320 to align the holes 372 and 356 to feed the small *'marble sized'' 
balls into the groove 354. The holes 356 are then plugged up. The sleeve 300 keeps the small balls 
in place within the groove 354 and holes 372, thus locking the upper mandrel 320 to the lower 
mandrel 360, while allowing rotation between the two mandrels. 

In the operation of the system described herein, with the equipment ready to be hm into the 
mterior of the casing string, whether to circulate fluid, fill-up the casing, to cement the casing to the 
earth fomiation walls, or otherwise control fluid according to the preferred embodiment of the 
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be ^,^^.0,0^^^ «. „» ,f «^ 

mechanisms known in the art 

sl«v.300„™i^„^^^^^^ Wh„to^30„j^^^^^ 
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fill up the casing, to circulate fluid, to cause cement to exit out of the casing, or to otherwise control 
fluid in a casing string. 

When the operator desires to separate the top mandrel, the second, largest ball is dropped. 
The second dropped ball reaches the narrowed-down opening 327 to axial bore 328, and seals.off 
that opening. By increasing pump pressure to a predetermined amount, Le, , 1,500 psi, the collet end 
324 of the upper mandrel is pulled out of a fill-up and circulation tool or whatever other tool or 
apparatus is located inunediately above the upper mandrel, shearing any shear pins as necessaiy and 
thus, the top cement plug can be pumped down the interior of the casing string. As a final step, the 
top mandrel is pumped down until it settles over the lower mandrel and the job is completed, usually 
by drilling out the lower and upper mandrels with their respective cement plugs. 

In an altemative embodiment of using the apparatus according to the present invention, when 
it is desired to circulate fluids or fill up the casing with fluids, and it is not necessary, nor desired, 
to have the cement plugs be separated from the apparatus as contemplated by FIG. 1, the entire 
assembly comprised of the first and second cement plugs can be separated as a unit merely by 
dropping the second, large bail without having dropped the first, smaller ball, or upper mandrel 320 
and the lower mandrel 360 can be bolted securely together, resulting in the ability to move the sleeve 
300 down to uncover the holes 400 without separating the lower mandrel 360 from the upper 
mandrel 320. 
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Claims 

What is claimed is: 

in an earth borehole, comprising; 

d-ppingaf^tballofagivendia^eterintotheupperendof^dm 
, aUowing said first bdl to come to rest^vithin^ 

Ix,sitioned between the lower endofap uppern«nd«l and the upper endo^ 

alowermandrel.saidupperandlowern^drelsbemgposition«^ 

iateriorofsaidt«bularstring.andsaidsleevehavinganint«^ 
than said given diameter, 

increa3ingattheearth>s^.oafimpressure,eveI.thep™pp^^^ 

pumped into the said upper end of said tubular string and agamst said firs. 
baUtoshearafimsetofshearpinsmaintainingsaidsleevewithinsaidupper 
nandrels. thereby causing said lower mandrel to separate from said upper . 
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1 mandrel, and for said lower mandrel to come to rest against a float collar or 

2 other plug landing surface positioned at the lower end of said tubular string; 

3 increasing at the earth's surface, to a second pressure level higher than said first 
-4 pressure level, the pump pressiu-eofthe fluid pumped into the said upper end 

5 of said tubular string and against said first ball to shear a second set of shear 

6 pins to move said sleeve downwardly within said lower mandrel, thereby 

7 allowing fluid to be pumped through said float collar or other plug landing 

8 surface and out of the tubular string into the eardi borehole. 

9 .12. The mandrel according to Claim 1 , wherein said lower mandrel comprises a support for an 
10 elastomeric cement plug. 

11 

12 3. A method for allowing fluid to be pumped out of the lower end at a tubular string suspended 

13 in an earth borehole, comprising; 

14 dropping a first ball of a given diameter into the upper end of said tubular string, and 

15 allowing said first ball to come to rest within the upper end of a sleeve 
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than said given diameter; 

pumped into the said upper end of said tubular ^ and agairu^ s^^ 

baUtoshearafimsetofshearpinsn^tainingsaidsleevc^vithinsaidu^^ 
numdrel. thereby causing said W „«„dr.l to sepa^te 
n««d«l.andforsaidlowern«ndreltoconu.to«stagainstafl^ 
otherpluglandingsuxfecepositionedatthelowerendofsaidtubuto 
incteasing at the earth's surfiu^e. to a second pressure ^^^^ 

pressurelevel,thepu™ppr«sureofthefluidpun^intothes^^ 
ofsaidtubularstringandagainst^dfimbaUtoshearasecondsetof^ 
Pins .0 move said sleeve downwardly within said lower n«n*^^ 
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1 allowing fluid- to be pumped through said float collar or other plug landing 

2 surface and out of the tubular string into the earth borehole; 

3 dropping a second ball of a diameter greater than the given diameter of said first 

4 ball, into the upper end of said tubular string, and allowing said second ball 

5 to come to rest within an opening in said upper mandrel having an internal 

6 diameter less than the diameter of said second ball; and 

7 applying at the earth' s surface and against said second ball a pressure sufficient to 
g cause said second upper mandrel to separate from said tubular string. 



9 

The method acconUng to Claim 3, wherein said lower mandrel comprises a support for a first 
elastomeric cement plug, and said upper mandrel comprises a support for a second 
elastomeric cement plug. 



14 5. The method according to Claim 4, including the additional step of pumping the upper 

1 5 mandrel down against the upper end of said lower mandrel. 



10 4. 

11 
12 
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AmeAodforallo^gfluidtobepumpedoutofthelowerendmatubuIar 
in an earth borehole, comprising; . 

dioppingafimballofagivendiameterintotheupperendofsaidtu^ 

allowing said first ball to come to rest within the upper end of a sleeve 
- - ■ - - - positioned between the lower endof an upper^^ 

a lower mandrel, said upper and lower mandrels being positioned within the 

interiorofsaidtubularstiTng,andsaidsleevehavinganinteiTialdiameterless 
than said given diameter; 

increasingat the earth'ssurface,toa&3t pressure level, the pump pressu^ 

pumped into the said upper end of said tubulaf string and against said first 

baU to shear a first shear pin maintaining said sleeve within said upper 
numdrels,flM!reby causing said lower mandrel to separate fiom said upper 
mandrel, and for said lower mandrel to come to rest against a float collar or 
other plug landing surfece positioned at tfie lower end of said tubular string; 
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1 increasing at the earth's surface, to a second pressure ievjeii higher than said first 

2 pressure level, the pump pressure of the fluid pumped into the said upper end 

3 of said tubular string and against said first ball to shear a second shear pin to 

4 move said sleeve downwardly within said lower mandrel, thereby allowing 

5 fluid to be pumped through said float collar or other plug landing surface and 

6 out of the tubular string into the earth borehole. 

7 ?• The mandrel according to Claim 6, wherein said lower mandrel comprises a support for an 

8 eiastomeric cement plug. 
9 

10 8. A method ifor allowing fluid to be pumped out of the lower end at a tubular string suspended 

11 in an earth borehole, comprising; 

1 2 dropping a first ball of a given diameter into the upper end of said tubular string, and 

13 allowing said fust ball to come to rest within the upper end of a sleeve 

14 positioned between the lower end of an upper mandrel and the upper end of 

15 a lower mandrel, said upper and lower mandrels being positioned within the 
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10 



II 



12 



13 



14 



interiorofsaidtabularstring.andsaidsleevehavmganintcn^ 
than said given diameter; 

increasing at the eaith'ssmfece.toafirstiMessure level, tf^ 

pumped into the said upper end of said tubular string and against said first 
ball to shear a first shear pin mainlining said sleeve within said iipper 

mandrel, thereby causing said lower mandrel to separate from said upper 
mandrel, and for said lower mandrel to come to rest against a float coUar or 

Other plug landing surfece positioned at the lower end of said tubular string; 
increasing at the earth's surface, to a second pressure level higher than said first 

pressure level, the pump pressureofthefluidpumped into the said upperend 
of said tubular string and against said first baU to sheara second shear pin to 
move said sleeve downwardly within said lower mandrel, thereby aUowing 
fluid to be pumped through said float collar or odier plug landing surface and 
out of the tubular string into the earth borehole; 
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1 dropping a second ball of a diameter greater than the given diameter of said first 

2 ball, into the upper end of said tubular string, and allowing said second ball 

3 to come to rest within an opening.in said upper mandrel having.an internal 

4 diameter less than the diameter of said second ball; and 

5 applying at the earth's surface and against said second ball a pressure sufficient to 

6 cause said second upper mandrel to separate fiom said tubular string. 



7 

The method according to Claim 8, wherein said lower mandrel comprises a support for a first 
elastomeric cement plug, and said upper maiidrel comprises a support for a second 
elastpmeric cement plug. 

The method according to Claim 9, including the additional step of pumping the upper 
mandrel down against the upper end of said lower mandrel. 

An apparatus for controlling the flow of fluid out of the lower end of a tubular string 
suspended in an earth borehole, comprising; 



8 9. 

9 
10 



12 10. 

13 

14 11. 

15 



3 
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12 
13 

15 
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afim.low»nMiKtelpositionablewithmthemteriorofthe 

a first internal fluid passageway along its length; 
a second, upper mandrel, positionable within the interior of the tubular string and 

having a second internal fluid passageway along its length, and having a 
- 8iveninternaIdia*eter7sMdffist-ands~ecoiidfluidp^ 
conununication with each other, aid 
a sleeve locking said lower mandrel to said iqiper mandrel through the use of a first 
sctofshearpins and wherein said sleeve is also locked to said lower mandrel 
through the use of a second set of shear pins, said sleeve having an internal 
diameter less than said given diameter, said first set of shear pins being 
shearablc by a given force, arid said second set of shear pins being shearable 
by a force greater than said given force, wherein droppmg a fim baU having 
a diameter less than the given internal diameter of the upper mandrel and 

thereafterincreasingthepumppressureofthefluidattheearth'ssurfeccand 
thereby supplying such pressurized fluid through the tubular string to said 
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1 upper and lower mandielsysbeara said first set of shear p 

2 lomr mandrel to separate from the upper mandrel. 
3 

The apparatus according to Claim U, being further characterized by a collect connection 
located at the top end of said upper mandrel for forming a connection between said tubular 
string and said upper mandrel 

The apparatus according to Claim 1 1, being further characterized by a float collar or phig 
landing sur&ce located at the lower end of said lower mandreL 



11 14. An apparatus for controllings through the use of two dropped balls and an increase of the 

12 pump pressure at the earth's surface, the flow of fluid out of die lower end of a tubular string 

13 suspended in an earth borehole, comprising; 

14 a first, lower mandrel; 
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a sleeve shearably connected within the interior of said lower mandrel by a first set 
of shear pins and having a first receptacle with a first given diameter for 
receiving and holding a first dropped ball having a diameter greater than said 
first given diameter; 

-a second iq>pa- mandrel shearably connected to said lower mandrel a second set 
of shear pins, said upper mandrel having a second receptacle with a second 
given diameter for receiving and holding a second dropped ball having a 
diameter greater than the diameter of said second given diameter, tte 
diameter of said first dropped ball being smaUer than the diametw of said 
second dnq>ped ball. 



An apparatus for controlling, through the use of two dropped balls and the increase of the 
pump pressure at the earth's sur&ce. the flow of fluid out of the lower end of a tubular string 
suspmded in an earth borehole, comprising; 
a first, lower mandrel; 
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1 a sleeve shearably connected within the interior of said lower mandrel by a first shear 

.2 pin and having a first receptacle with a first given diameter for receiving and 

3 holding a first dropped ball having a diameter greater than said first given 

4 diameter; 

5 a second i^per mandrel shearably connected to said lower mandrel by a second 

6 shear pin, said upper mandrel having a second receptacle with a second given 

7 diameter for receiving and holding a second dropped ball having a diameter 
• 8 greater than the diameter of said second given diameter, the diameter of said 
9 first dropped ball being smaller than the diameter of said second dropped 

10 baU. 
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